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(57) ABSTRACT

A measuring cuvette (1), for the spectroscopic analysis of a
gas sample in a ray path between a radiation source and a
detector, preferably suitable for use in a gas-measuring
device (19), has a vessel wall (2) that at least partially
encloses a sample space (3) for receiving a process gas. At
least one window element (4), through which electromag-
netic radiation can be coupled into the sample space (3) from
the outside, is indirectly or directly connected with the
vessel wall (2). An inlet as well as an outlet (5) are included,
through which the process gas can be introduced into the
sample space (3) and can be removed from the sample space
(3). At least one fastening element (6) makes possible both
secure fastening of the window element (4) on the vessel
wall (2) and separation of the window element (4) from the
vessel wall (2) without destruction.

20 Claims, 6 Drawing Sheets
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1
MODIFIED MEASURING CUVETTE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority under 35
US.C. §119 of German Patent Application DE
102014000210.1 filed Jan. 14, 2014, the entire contents of
which are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention pertains to a measuring cuvette for
the spectroscopic analysis of a gas sample arranged in the
ray path between a radiation source and a detector. The
measuring cuvette described, which is preferably suitable
for use in a gas-measuring device, especially in a so-called
gas detector, has a vessel wall, which encloses at least
partially a sample space for receiving a process gas, at least
one window element, through which the electromagnetic
radiation can be coupled from the outside into the sample
space and which is indirectly or directly connected with the
vessel wall, and an inlet as well as an outlet, through which
the process gas can be introduced into the sample space and
removed from the sample space.

BACKGROUND OF THE INVENTION

Measuring cuvettes of this class are used above all for
stationary gas-measuring devices, especially so-called gas
detectors, with which plants intended for the delivery and
processing of combustible substances are secured. Such
stationary gas-measuring devices usually measure the local
gas concentration at the site of installation of the device. If
these gas-measuring devices are used to monitor a process
gas present in a closed process or to monitor the gas
concentration at a certain point (so-called point detection),
they usually have a measuring cuvette, through which the
process gas to be analyzed is specifically sent.

To guarantee the monitoring of gas concentrations in
closed processes, the process gas to be analyzed is first
removed in these cases from the process proper and then
introduced into the measuring cuvette. A suitable tubing or
hose line, which is fastened at special ports of the measuring
cuvette, is used for feeding and removing the process gas.

If a measuring cuvette of this class is used in a gas-
measuring device, this device has a mount, within which the
measuring cuvette is positioned and fixed. Such a gas-
measuring device, especially gas detector, usually has, fur-
thermore, at least one radiation source as well as a detector,
between which the ray path with the measuring cuvette
arranged is located. In any case, the measuring cuvette is
arranged in the optical path between the radiation source and
the optical detector such that the emitted radiation passes
through the process gas when passing through the measuring
cuvette. After the radiation has passed through the sample
space of the measuring cuvette for the first time, it usually
falls on a reflector element, especially a mirror, is reflected
here in the direction of the measuring cuvette and passes
through the sample space in an at least nearly opposite
direction for a second time. Since the sample space of the
measuring cuvette is passed through by the light beam twice,
the effective length of the measuring section is doubled and
more accurate measurement is thus made possible.

While the radiation, whose wavelength is often in the
infrared range, is passing through the sample space of the
measuring cuvette filled with process gas, the property,
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especially the intensity and/or wavelength, of the radiation
changes because of a partial absorption of the radiation by
the process gas. After passing through the sample space of
the measuring cuvette, the radiation is focused on a radiation
detector in a suitable manner and the detected radiation is
analyzed based on a comparison with the radiation emitted
originally.

A corresponding optical gas analyzer with a pyroelectric
detector element is known from DE 195 43 105 C2. The gas
analyzer has a sensor, which determines the percentage of
special gas components in a gas sample based on an analysis
of'the absorption of infrared radiation in the sample gas. The
technical solution described is characterized above all by a
special mounting of the detector, which embodies a pre-
ferred elastic mounting based on the use of an elastomer. An
advantageous vibration decoupling and, as a result, broad-
band analyzability of the measured signal are made possible
based on the special mounting.

Furthermore, a spectroscopic sensor, in which the infrared
radiation source and the detector are fastened and contacted
on a circuit board, e.g., a printed circuit board, is known
from DE 10 2009 027 136 Al. The absorption section is
designed here as an interior space of a cylindrical reflector
device, which is likewise fastened to the circuit board and
has a reflecting inner surface. Direct transmission of radia-
tion from the infrared radiation source to the detector, i.e.,
without reflection at the reflector device, is prevented by
means of a diaphragm provided herefor. Thus, the sensor
described is characterized in that the reflector is located
within the sample chamber of the measuring cuvette.

It is common to all prior-art measuring cuvettes that these
have a sample space for the process gas to be measured as
well as at least one window element, via which the electro-
magnetic radiation is coupled into the sample space from a
radiation source. To obtain the longest possible measuring
section within the sample space filled with the process gas
to be monitored, suitable reflector devices are provided
either within the sample space or outside thereof. The
prior-art measuring cuvettes thus enclose a defined gas
volume and have optical accesses in order to make it
possible for the electromagnetic radiation emitted by the
radiation source to pass through the gas to be analyzed. The
optical accesses become contaminated during the operation
due to dirt particles present in the ambient air or in the gas
to be analyzed. This leads to losses of signal and compro-
mises the measurement of the gas.

The optically transparent element is permanently bonded
into the measuring cuvette in the prior-art measuring
cuvettes. This compromises the accessibility and thus makes
it difficult to clean the optical accesses. Since sapphire disks
are often arranged in the optical accesses, replacing the
measuring cuvette in question solely because of contamina-
tion is, furthermore, undesired.

SUMMARY OF THE INVENTION

Based on the prior-art measuring cuvettes and the prob-
lem described above, a basic object of the present invention
is to further improve a measuring cuvette such that contami-
nants present at the optical accesses, especially at the
window elements arranged here, can be removed easily and
without major effort. Besides improved accessibility to the
optical accesses, the necessary tightness must be ensured at
the same time in these areas. In particular, the tightness of
the sample space in the interior of the measuring cuvette is
of crucial significance during the measurement being per-
formed. Since the sample space of the measuring cuvette
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contains the gas to be measured, ambient gases must be
reliably prevented from entering the interior of the measur-
ing cuvette both under ambient pressure and under vacuum
and overpressure in the interior of the cuvette. It shall,
furthermore, be borne in mind in this connection that the
permanent bonding of the disks used as window elements at
the optical inlets of the measuring cuvette, which bonding
has hitherto been usually provided, has only a very limited
ability to withstand a vacuum in the sample gas space.
Sealing of the measuring cuvette against the ambient gases
both in the direction of the radiation source and in the
direction of a reflector arranged outside the measuring
cuvette also must be guaranteed at any time. Since such
measuring cuvettes are often used in gas-measuring devices,
especially in so-called gas detectors, with corresponding
mounts, the technical solution according to the present
invention shall, furthermore, preferably ensure that length
tolerances in the surrounding components of the vessel wall,
in which especially the radiation source and/or a reflector
element are arranged, can be compensated. A corresponding
length compensation shall be able to be achieved by means
of simple technical steps. At the same time, the measuring
section within the measuring cuvette must not be changed,
especially not shortened. The technical solution to be
described shall be embodied with comparatively simple
means and in a cost-effective manner.

The present invention is based on a measuring cuvette for
the spectroscopic analysis of a sample, which is arranged in
the ray path between a radiation source and a detector, which
said measuring cuvette has a vessel wall, which at least
partially encloses a sample space for receiving a process gas,
at least one window element, through which electromagnetic
radiation can be coupled into the sample space from the
outside and which is indirectly or directly connected with
the vessel wall, and an inlet as well as an outlet, through
which inlet and outlet a process gas can be introduced into
the sample space and removed from the sample space. The
measuring cuvette is improved according to the present
invention by the provision of a fastening element, which
makes possible both the secure fastening of the window
element on the vessel wall and nondestructive separation of
the window element from the vessel wall. A measuring
cuvette designed according to the present invention is thus
characterized above all in that at least one window element
is provided, which can be removed from the measuring
cuvette without destruction and can thus be cleaned in a
simple manner. After completion of the cleaning, the win-
dow element can again be fastened to the housing wall of the
measuring cuvette by means of a fastening element designed
according to the present invention, which may have a screw,
flap and/or tensioning mechanism.

Thus, an opening in the housing wall is sealingly covered
with the window element during the operation of the mea-
suring cuvette, and the window element is transparent to
electromagnetic radiation, especially to light in the infrared
range. The measuring cuvette is designed here such that light
emitted by a radiation source enters the sample space, passes
through the sample space preferably in the longitudinal
direction, is subsequently reflected from a reflector and
again passes through the sample space in the longitudinal
direction before the radiation falls on a detector and is
analyzed.

With respect to the reflector element used preferably, it is
conceivable, in principle, to arrange this within or outside
the sample chamber.

The window element is preferably designed as a sapphire
disk. Based on the technical solution according to the
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present invention, which provides for a fastening device for
the detachably rigid fastening of the window element on the
vessel wall of the measuring cuvette, it is now possible in a
simple manner to separate a contaminated sapphire disk
from the measuring cuvette, to clean it and to subsequently
fasten it again on the measuring cuvette. To guarantee
sufficient tightness of the sample space against the surround-
ing area, at least one sealing element is provided between the
window element and the vessel wall in the mounted state
according to a special variant of the present invention. This
is preferably a packing ring or a sealing washer, which is
clamped between the window element and a sealing surface
of the vessel wall, which sealing surface is provided for this,
by means of the fastening element. In any case, the sealing
is brought about in such a manner that the sample space is
sealed gas-tightly against the area surrounding the measur-
ing cuvette.

The fastening element preferably has an opening, through
which the radiation can pass unhindered, especially in order
to be able to fall on the window element fixed by the
fastening element and to finally pass through it. Such a
passage opening is preferably a recess in the interior of the
fastening element, in which case the basic body of the
fastening element is preferably ring-shaped.

According to a special embodiment of the present inven-
tion, the sample space of the measuring cuvette surrounding
the vessel wall has an opening on one side, while the
window element fastened by means of the fastening element
provided according to the present invention is arranged on a
side of the measuring cuvette located opposite that side. The
sample chamber of the measuring cuvette is thus half open
in this case. A measuring cuvette having such a design can
be preferably connected with the side towards which the
sample chamber is open with a device for gas measurement,
which has a radiation source. The measuring cuvette is
preferably connected with the device for measuring the gas
such that, on the one hand, radiation can enter the sample
space unhindered through the opening and, on the other
hand, reliable sealing of the sample space or of the opening
against the surrounding area is ensured. To guarantee this,
the housing wall of the measuring cuvette has, on the side on
which the opening is provided, a stop face with a sealing
surface, for which a suitable sealant is provided, which is
pressed against a contact surface of the device for measuring
the gas as soon as the measuring cuvette is located in the
cuvette mount of the device in the mounted state.

If radiation originating from the radiation source passes
through the opening into the sample chamber, the radiation
preferably passes through the sample chamber in the direc-
tion of the longest extension thereof. On the opposite side,
the radiation falls on the window element that is optically at
least partially transparent to it, leaves the sample chamber as
a result, and is reflected on a reflector arranged outside the
measuring cuvette, reenters the sample chamber through the
window element of the measuring cuvette and finally
reaches the detector likewise arranged in the device for the
gas measurement.

According to an especially advantageous embodiment,
the measuring cuvette designed according to the present
invention is now fixed between the device with radiation
source for gas measurement, especially a gas-measuring
device or a so-called gas detector, and a bracket, to which a
reflector is fastened. To compensate any possible length
tolerances between the device with the radiation source and
the bracket, a measuring cuvette designed according to the
present invention, especially the fastening element, prefer-
ably has an adjusting element for height or length adjust-
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ment. A distance between a stop face of the cuvette housing,
which faces the device with the radiation source, and a stop
face located opposite, which faces the bracket, which pref-
erably has a reflector, can be varied by means of this
adjusting element. Reliable fixation of the measuring cuvette
within a gas-measuring device is possible in this manner
despite the length tolerances existing in this device. In
particular, a locking element, especially a locknut, which is
designed such that loosening of the fastening element and
hence of the window element is reliably prevented from
occurring when this locking element is actuated to increase
the distance between the two stop faces, i.e., when the
effective length of the measuring cuvette is increased.

It is conceivable according to a special variant of the
present invention that the fastening element has a clamp
and/or a clamping element. It appears to be especially
suitable, furthermore, for the fastening element to have at
least one thread. In a special embodiment, the fastening
element therefore has at least a screw cap, which can be
screwed on an external thread provided on the vessel wall.
Furthermore, provisions are preferably made for a sealing
washer or a packing ring to be arranged between the screw
cap and the window element in the mounted state of the
window element. By tightening the screw cap, the window
element is pressed in the direction of the vessel wall and the
sealing element provided between the window element and
the vessel wall is clamped in at the same time.

The vessel wall, on which at least one inlet as well as an
outlet each are provided for the process gas, has, in particu-
lar, a cylindrical shape, and the radiation passes through the
measuring cuvette in the longitudinal direction. The longest
possible measuring section shall be provided in this manner
and especially reliable gas measurement shall thus be guar-
anteed.

According to the present invention, a preferred use of the
measuring cuvette described pertains to the use in a gas-
measuring device, especially in a stationary gas-measuring
device or so-called gas detector, as it is frequently used in
the chemical and petrochemical industry. According to a
special variant of the present invention, the measuring
cuvette is fixed between a housing, in which at least one
radiation source is arranged, and a bracket. Furthermore, it
is conceivable, in particular, that a reflection device, espe-
cially a mirror, is fixed on the bracket, so that radiation
leaving the sample space is reflected at least partially in the
direction of the sample space.

A measuring cuvette, which is open on one side and is
fastened by means of a suitable bracket on a device having
a radiation source and detector, is preferably used. However,
it is also conceivable, in principle, to equip a measuring
cuvette for analyzing a process gas with two window
elements arranged opposite each other, which are in turn
preferably fastened each on the vessel wall by means of a
fastening element, so that the window eclements can be
separated from the vessel wall, cleaned and subsequently
fastened again on the vessel wall as needed, especially in
case of heavy contamination. To guarantee reliable sealing
of the sample space against the surrounding area, sealing
elements, especially packing rings or sealing washers, are
provided between the window elements and the vessel wall
in this case as well. A screw cap, which is screwed on a
thread provided on the vessel wall of the measuring cuvette,
is suitable, in particular, for use as a fastening element.

The present invention will be explained in more detail
below without limiting the general idea of the invention on
the basis of exemplary embodiments, with reference to the
figures. The various features of novelty which characterize
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the invention are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For a better
understanding of the invention, its operating advantages and
specific objects attained by its uses, reference is made to the
accompanying drawings and descriptive matter in which
preferred embodiments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is an exploded view of a gas-measuring device
with a measuring cuvette;

FIG. 2 is a housing part of a stationary gas-measuring
device with a installed cuvette;

FIG. 3 is a cylindrical measuring cuvette with a fastening
element designed according to the present invention;

FIG. 4 is a sectional view of a half-open measuring
cuvette designed according to the present invention;

FIG. 5 is a measuring cuvette with a screw cap and
connection element for an open-end wrench; and

FIG. 6 is a sectional view of a measuring cuvette designed
according to the present invention with screw cap and
adjusting element for height adjustment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings, FIG. 1 shows an exploded view
of a gas-measuring device 19 with the measuring cuvette 1
intended for installation. The gas-measuring device 19
shown is preferably used as a stationary gas-measuring
device in plants of the pharmaceutical, chemical or petro-
chemical industry or in heating systems or power plants. The
principal components of the gas-measuring device 19,
namely, a housing part 22 for receiving the electronic
system, a housing part 20, in which a radiation source as
well as a detector are arranged, a bracket 8, to which a
reflector is fastened and which has two legs 9, between
which the mount 7 for fixing the measuring cuvette 1 is
located, a cap 23, as well as the measuring cuvette 1 with the
holding-down device 10 are shown.

A window 24 is provided in the outer wall of the housing
part 20. The radiation emitted by the radiation source can
exit the window 24 and radiation arriving from the sample
chamber 3, during the operation, passes through before the
arriving radiation falls on the detector.

Furthermore, a bracket 8 for receiving a mirror 15 is
provided on the housing part 20. The mirror 15 is arranged
on the side of the bracket 8 facing away from the housing
part 20. The mount 7 for the measuring cuvette 1 is located
between the two legs 9. The measuring cuvette 1 is inserted
in this case such that the lower end of the measuring cuvette
1, which end has either an opening 17 towards the sample
space 3 or a window element 27, is directed with a stop face
18 against a corresponding stop face of the housing part 20.
An O-ring is inserted in this case as a sealing element 14
between the housing part 20 and the measuring cuvette 1 in
order to seal the sample space 3 against the surrounding
area. The holding-down device 10, which presses the mea-
suring cuvette 1 against the housing part 20, having the
radiation source and the detector, is fastened on the opposite
side by means of two screws. The radiation source is an
incandescent lamp, which emits a continuous radiation
spectrum corresponding to an incandescent lamp tempera-
ture.

The measuring cuvette 1 is designed with a cylindrical
housing wall 2 and has two hose connections 5, to which
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corresponding hoses for introducing and removing the pro-
cess gas to be analyzed can be connected. The analysis of the
process gas present in the sample space 3 of the measuring
cuvette 1 takes place by directing infrared radiation from the
radiation source in the housing part 20 through the sample
space 3 onto a mirror 15 fastened to the bracket 8, from
where the radiation is reflected and is directed again through
the sample space 3 and finally falls on the detector likewise
arranged in the housing part 20.

The radiation received by the detector is finally analyzed
to determine how far or how much radiation was absorbed
by the process gas within the sample space 3 in order to
make it possible to obtain information on the species and/or
composition of the process gas.

The measuring cuvette 1 is replaceable and is fixed during
the operation in the mount 7 of the stationary gas-measuring
device 8, which mount is provided therefor, between the two
legs 9 of the bracket 8 by means of the holding-down device
10 fastened to the bracket 8.

The measuring cuvette 1 is additionally shown in the
mounted state in FIG. 2. The housing part 20 of a gas-
measuring device 19, in which a radiation source as well as
a detector are provided, is located under the measuring
cuvette 1. Two legs 9 of a bracket 8, which carries in the
upper area a reflector element 15, preferably a mirror or a
reflection coating and in the interior space 7 of which the
measuring cuvette 1 is accommodated between the legs 9,
extend upwards from the housing part 20. The measuring
cuvette 1 is fixed by means of the holding-down device 10
screwed tightly to the bracket 8 and is pressed lightly against
the housing part 20 of the gas-measuring device 19 such that
reliable sealing is guaranteed in this area between the sample
space 3 of the measuring cuvette 1 and the surrounding area.

A screw cap 11 for fastening a window element 4,
preferably a sapphire disk, is located on the vessel wall 2 of
the cuvette 1 in the upper area of the measuring cuvette 1,
the screw cap 11 provided as a fastening element 6 addi-
tionally having a height-adjustable adjusting element 13 in
the form of a seal bonnet. This bonnet 13 is moved during
the mounting relative to the measuring cuvette 1 such that
secure sealing is achieved in the upper area between the seal
bonnet 13 and the bracket 8 having the reflector 15 of the
gas-measuring device 19.

FIG. 3 shows a measuring cuvette 1 designed according
to the present invention, which has a cylindrically shaped
housing wall 2. The housing wall 2 has two ports 5, which
are used to admit and remove process gas and to which
admission and discharge hoses can be fastened. A sample
space 3, which is filled with process gas during the operation
of the measuring cuvette 1 and which is half open down-
wardly, is located in the interior of the measuring cuvette 1.
The lower, open end 17 of the measuring cuvette 1 is sealed
with an O-ring 14 during the mounting of the process gas
cuvette 1 against the top side of a stationary gas-measuring
device.

An external thread 26, which is arranged according to the
present invention on the housing wall 2 and to which a screw
cap 11 is screwed as a fastening element 6, is located at the
opposite, other end of the measuring cuvette 1. The thread
26 is usually a right-hand thread.

A sapphire disk is arranged as a window element 4
between the screw cap 11 and the housing wall 2 of the
measuring cuvette 1. This sapphire disk is pressed onto the
housing wall 2 of the measuring cuvette 1 by means of the
screw cap 11 and thus fixed. To guarantee the necessary
sealing, a sealing element 12 in the form of an O-ring, which
is compressed by the pressure of the screw cap 11 onto the
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sapphire disk 4, is provided between the sapphire disk 4 and
the housing wall 2. Furthermore, a seal bonnet, which is
adjustable in height by means of an external thread located
on the screw cap 11, is located as an adjusting element 13 on
the screw cap 11 in the upper area. This thread as well as the
seal bonnet 13 are provided with a left-hand thread in order
to prevent the screw cap 11 from loosening when the seal
bonnet 13 is tightened by force transmission by means of
friction.

If the seal bonnet 13 is screwed upwards onto the surface
of'the mount 7, which surface is to be sealed, especially onto
the surface of the bracket 8, a stationary gas-measuring
device, the force applied for the screw cap 11 leads to
tightening and to a further compression of the O-ring 12.

If the seal bonnet 13 is loosened, it reaches a stop 16 after
a few turns and is blocked. The screw cap 11 and the seal
bonnet 13 can then be unscrewed in no time. A flat packing
is located as a sealing element 21 on the seal bonnet 13 in
order to guarantee sealing between the seal bonnet 13 and
the mount 7, especially between the seal bonnet 13 and the
bracket 8 having the reflector 15, above the cuvette 1. The
flat packing 21 has a free aperture in order to avoid unde-
sired shadowing at the mirror 15.

On the one hand, reliable sealing can be ensured between
the seal bonnet 13 and the bracket 8 having the reflector 15
by means of the height-adjustable seal bonnet 13 described,
and, on the other hand, length tolerances of the mount,
especially of the bracket 8, can be compensated in a simple
manner.

When mounting the measuring cuvette 1, this is first
inserted into the mount 7 between the legs 9 of the bracket
8, and the holding-down device 10 is fastened at the bracket
8 of the mount 7, and corresponding surfaces of the holding-
down device 10 and of the housing wall 2 of the measuring
cuvette 2 abut against one another, and the measuring
cuvette 1 is pressed in the direction of the housing of the
gas-measuring device 19 having the radiation source and the
detector. The seal bonnet 13 arranged on the screw cap 11 is
finally moved upwards by means of a screwing motion until
reliable sealing is achieved between the seal bonnet 13 and
the bracket 8 having the reflector. The flat packing 21
provided between the seal bonnet 13 and the bracket 8 is
slightly compressed in the process.

FIG. 4 shows a sectional view through a measuring
cuvette 1, which is placed on a housing part 20 of a
gas-measuring device 19 having a radiation source and
detector and is sealed by means of an O-ring 14. In the
direction of the housing part 20 in which the radiation source
and the detector are located, the measuring cuvette 1 has a
half-open sample space 3 with a lower opening 17, which
infrared radiation emitted by the radiation source can enter
unhindered. An opening 24 tightly covered with a sapphire
disk is provided for this in the housing part 20 of the
gas-measuring device 19.

In its upper area, the housing wall 2 of the measuring
cuvette 1 has an external thread 26, which is designed as a
right-hand thread and onto which a screw cap 11 is screwed
as a fastening element 6. A window element 4 in the form of
a sapphire disk is fixed on the upper end of the housing wall
2 by means of the screw cap 11. To guarantee the necessary
sealing in this area, an O-ring is clamped as a sealing
element 12 between the sapphire disk 4 and the housing wall
2.

In addition, the screw cap 1 has, on its upper circumfer-
ence, an external thread, which is designed as a left-hand
thread in this case. A seal bonnet 13 is screwed, in turn, onto
this left-hand thread for height adjustment and thus for
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adjusting the effective length of the measuring cuvette 1, i.e.,
the distance between the lower end facing the housing part
20 with the radiation source and the detector, and the
opposite end of the measuring cuvette 1 facing the bracket
8 with the reflector 15.

Detail view “A” shows an enlarged view of the embodi-
ment of the screw cap 11 screwed onto the housing wall 2
with the height-adjustable seal bonnet 13 screwed, in turn,
thereon. This view also shows clearly how the seal 12 is
clamped in between the sapphire disk 4 and the top end of
the housing wall 2 and thus ensures reliable sealing of the
sample space 3 against the surrounding area.

In the mounted state of the measuring cuvette 1 shown in
FIG. 4 with the sample space 3 and a free internal diameter
for receiving the process gas, this measuring cuvette 1 is
seated on the surface of the housing part 20 having the
radiation source and the detector of a stationary gas-mea-
suring device. It is ensured in any case that the screw cap 11
used as a fastening element 6 including the seal bonnet 13
and seals 13, 21 make possible the free passage of the
radiation through the interior space of these components, so
that the ray path between the radiation source and the
reflector 15, preferably mirror, or between the reflector
element 15 and the detector is not shadowed.

FIG. 5 shows a special embodiment of a measuring
cuvette 1 designed according to the present invention. An
essential feature is that the measuring cuvette 1 shown has
a connection element 25 for an open-end wrench, so that
simple tightening and loosening of the screw cap 11 is
possible. By using suitable torque wrenches, it can be
guaranteed in this connection that the screw cap 11 used as
a fastening element 6 for the disk 4 is tightened with a
defined torque in order to thus guarantee reliable sealing
without the screw cap 11 becoming tightened excessively.

The height-adjustable seal bonnet 13 is screwed, in turn,
onto the screw cap 11 by means of a left-hand thread and
carries a flat packing 21. The screw cap 11 is first screwed
onto the thread 26 of the housing wall 2 of the measuring
cuvette 1 during mounting in order to thus hold and fix the
sapphire disk 4 in the desired position. It is only then that the
measuring cuvette 1 is fastened within the mount 1 of a
gas-measuring device 19.

The process gas to be analyzed is admitted and removed
via the respective connection elements 5 provided on the
housing wall 2, especially hose connections.

Furthermore, FIG. 6 shows in a sectional view a measur-
ing cuvette 1 designed according to the present invention,
whose sample space 3 is not half open but has a second
window element 27 in the form of a sapphire disk. This
second window element 27 is arranged in the lower area
facing the housing part 20 of a gas-measuring device 19
having a radiation source and a detector and is sealed by
means of an O-ring 14. The upper area of the measuring
cuvette 1 is designed, in turn, with a screw cap 11, which
has, moreover, a height-adjustable seal bonnet 13.

The upper sapphire disk 4 as well as a seal 12 arranged
between the sapphire disk 4 and the top end of the housing
wall 2, especially in the form of an O-ring, is fixed reliably
in the desired position by means of the screw cap 11 located
in the upper area. The two sapphire disks 4, 27 used
represent two optically transparent window elements, and
the measuring cuvette 1 is, in turn, seated on one side on the
surface of a housing part of a stationary gas-measuring
device 19 having a radiation source and detector. The sample
space 3 is defined in this case by a disk 4, 27 sealed with an
O-ring 12, 14 both upwardly and downwardly. The lower
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sapphire disk is now pressed by the slight pressure generated
by means of the holding-down device 10 against the stop
face of the housing part 20.

However, it is also conceivable according to a special
embodiment that fastening elements 6, preferably with a
screw cap, are provided at both ends of the measuring
cuvette 1 in order to fasten the disks 4 on the housing wall
of the measuring cuvette 1. In any case, both disks 4, 27 are
transparent to radiation in the spectral range relevant for the
measurement, especially in the infrared range.

A height-adjustable seal bonnet 13, on which a flat
packing 21 is, furthermore, arranged, is located, in turn, in
the upper area of the screw cap 11. The flat packing 21 is
used here to seal gaps that may develop above the measuring
cuvette 1 between the measuring cuvette 1 and the bracket
8 of the cuvette mount 7 of the stationary gas-measuring
device.

The lower O-ring 14 arranged on the side of the housing
part with the radiation source and the detector is compressed
by a pressing force, which is generated by means of a
holding-down device 10. The needed pressing force is
preferably generated in the upper area, in turn, by means of
a height-adjustable seal bonnet 13 by this being moved in the
direction of the bracket 8 having the reflector element 15 of
the stationary gas-measuring device.

While specific embodiments of the invention have been
shown and described in detail to illustrate the application of
the principles of the invention, it will be understood that the
invention may be embodied otherwise without departing
from such principles.

APPENDIX

List of Reference Numbers

Measuring cuvette

Vessel wall

Sample space

Window element

Inlet and outlet for the sample gas
Fastening element

Mount

Bracket

9  Bracket leg

- BEN G VRN NSV SR

10 Holding-down device

11 Screw cap

12 Sealing element between window element and housing wall
13 Adjusting element

14 Sealing element between housing wall and housing part
15  Reflector

16  Stop

17 Opening of the sample space

18 Stop face

19 Gas-measuring device

20  Housing part containing radiation source and detector
21  Sealing element between adjusting element and bracket
22 Housing part containing electronic system

23 Cap

24 Window in front of radiation source and detector

25 Connection element

26  External thread

27  Window opening in housing part

What is claimed is:

1. A measuring cuvette for a spectroscopic analysis of a
process gas sample arranged in the ray path between a
radiation source and a detector, the measuring cuvette com-
prising:

a vessel wall, which at least partially encloses a sample

space for receiving a process gas;
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a window element, through which electromagnetic radia-
tion can be coupled into the sample space from an
outside and which is indirectly or directly connected
with the vessel wall;

an inlet connection through which the process gas can be
introduced into the sample space;

an outlet connection through which the process gas can be
removed from the sample space; and

an annular fastening element detachably connecting the
window element with the vessel wall such that the
window element can be separated from the vessel wall
without destruction of the window element, the annular
fastening element comprising a peripheral connection
portion and defining an opening, through which the
electromagnetic radiation falls on the window element,
the annular fastening element further comprising an
adjusting element connected to and forming a part of
the fastening element for varying a distance between
surfaces defining ends of the cuvette, which surfaces
are located opposite each other in a longitudinal exten-
sion.

2. A measuring cuvette in accordance with claim 1,

wherein the window element comprises a sapphire disk.

3. A measuring cuvette in accordance with claim 1, further
comprising a sealing element between the window element
and the vessel wall in the mounted state of the window
element.

4. A measuring cuvette in accordance with claim 1,
wherein the peripheral connection portion of the fastening
element comprises at least one fastening element screw
thread cooperating with a vessel wall screw thread.

5. A measuring cuvette in accordance with claim 4,
wherein:

the fastening element comprises a screw cap with the
fastening element screw thread provided as an inward
screw thread which can be screwed onto the thread
provided on an outer portion of the vessel wall wherein
the fastening element further comprises an inner
peripheral portion defining the opening and having a
radial extent engaging an annular periphery of the
window element, the inner peripheral portion cooper-
ating with the vessel wall to form a clamping element,
clamping the window element between the inner
peripheral portion of the fastening element and the
vessel wall.

6. A measuring cuvette in accordance with claim 5,
wherein a packing ring is arranged between the screw cap
and the window element in the mounted state of the window
element.

7. A measuring cuvette in accordance with claim 1, further
comprising a reflection device provided in the sample space
for an at least partial reflection of electromagnetic radiation
reaching it.

8. A measuring cuvette in accordance with claim 1,
wherein the vessel wall has an essentially cylindrical design.

9. A measuring cuvette in accordance with claim 1,
wherein the electromagnetic radiation passes through the
sample space along a greatest extension of the measuring
cuvette.

10. A measuring cuvette in accordance with claim 1,
wherein the fastening element comprises a screw cap with
the fastening element screw thread provided as an inward
screw thread which can be screwed onto the thread provided
on an outer portion of the vessel wall and an external thread
and the adjusting element comprises an adjusting element
annular end surface and an annular wall with an internal
thread engaging the external thread for varying a distance
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between the adjusting element annular end surface and a
longitudinal extension of the screw cap for varying the
distance between surfaces defining the cuvette, which sur-
faces are located opposite each other in the longitudinal
extension.

11. A measuring cuvette in accordance with claim 1,
further comprising a sealing element wherein:

the vessel wall has a stop face as well as an opening
between the sample space and the surrounding area;
and

the opening cooperates with the stop face to form a
gas-measuring device with radiation source connection
such that the opening, including the sealing element,
sealed gas-tightly against an opening surrounding area
and electromagnetic radiation is coupled into the
sample space via the opening.

12. A gas-measuring device forming a gas detector, the

gas-measuring device comprising:

a measuring cuvette comprising:

a vessel wall, which at least partially encloses a sample
space for receiving a process gas, the vessel wall
having an outer annular connection interface;

a window element, through which electromagnetic radia-
tion can be coupled into the sample space from an
outside and which is indirectly or directly connected
with the vessel wall;

an inlet connection through which the process gas can be
introduced into the sample space;

an outlet connection through which the process gas can be
removed from the sample space; and

an annular fastening element detachably connecting the
window element with the vessel wall such that the
window element can be separated from the vessel wall
without destruction of the window element, the annular
fastening element comprising a connection portion
with an inward annular connection interface having an
axial extent along the vessel wall and fixing the annular
fastening element to the outer annular connection inter-
face of the vessel wall to fix a position of the window
element, the annular fastening element defining a radia-
tion opening, through which the electromagnetic radia-
tion falls on the window element, the fastening element
further comprising an outward annular connection
interface having an axial extent and an adjusting ele-
ment comprising an adjusting element inward annular
connection interface having an axial extent and an
adjustment element end surface, a position of the
adjusting element along the axial extent of the outward
annular connection being varied to vary a position of
the adjustment element end surface relative to the
window element to adjust a distance between axial end
surfaces defining an axial extent of the cuvette, which
end surfaces are located opposite each other in the
longitudinal extension, wherein the axial adjusting ele-
ment end surface defines the axial end surface adjacent
to the window element.

13. A gas-measuring device in accordance with claim 12,
further comprising: a gas measuring device housing part
having a radiation source and a bracket, wherein the mea-
suring cuvette is fixed between the radiation source and the
bracket.

14. A gas-measuring device in accordance with claim 13,
further comprising a reflection device fastened at the
bracket, the reflection device reflecting radiation exiting
from the sample space partially in a direction of the sample
space.
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15. A gas-measuring device in accordance with claim 13,
further comprising a sealing element between the window
element and the vessel wall in the mounted state of the
window element, wherein:

the fastening element comprises an inner peripheral por-
tion defining the opening and having a radial extent
engaging an annular periphery of the window element,
the inner peripheral portion cooperating with vessel
wall to form a clamping element, clamping the window
element between the inner peripheral portion of the
fastening element and the vessel wall.

16. A gas-measuring device in accordance with claim 13,

wherein:

the outer annular connection interface comprises an outer
screw thread provided on the vessel wall; and

the fastening element comprises a screw cap and the
inward annular connection interface comprises an inner
thread which can be screwed onto the outer thread
provided on the vessel wall.

17. A gas-measuring device in accordance with claim 13,
wherein the fastening element comprises a screw cap and the
inward annular connection interface comprises an inner
thread to screw onto the outer thread provided on the vessel
wall and the outward annular connection interface comprises
and outer thread and the adjusting element comprises an
adjusting element cap defining the adjusting element end
surface and the adjusting element inward annular connection
interface comprises an inner thread connected to the annular
fastening element and varying a distance between axial end
surfaces defining an axial extent of the cuvette, which
surfaces are located opposite each other in the longitudinal
extension, wherein the axial adjusting element defines the
one of the axial end surfaces adjacent to the window
element.

18. A gas-measuring device in accordance with claim 13,
further comprising a sealing element wherein:

the vessel wall has a stop face as well as an opening
between the sample space and the surrounding area;

the opening cooperating with the stop face to form a
gas-measuring device with radiation source connection
such that the opening including the sealing is element
sealed gas-tightly against an opening surrounding area
and electromagnetic radiation is coupled into the
sample space via the opening.

19. A gas-measuring device forming a gas detector, the

gas-measuring device comprising:

a measuring cuvette comprising:

a vessel wall, which at least partially encloses a sample
space for receiving a process gas, the vessel wall
having an outer annular connection interface compris-
ing an outer screw thread provided on the vessel wall;

a window element, through which electromagnetic radia-
tion can be coupled into the sample space from an
outside and which is indirectly or directly connected
with the vessel wall;
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an inlet connection through which the process gas can be
introduced into the sample space;

an outlet connection through which the process gas can be
removed from the sample space;

an annular fastening element comprising a screw cap
comprising an outer peripheral connection portion with
an inward annular connection interface having an axial
extent along the vessel wall and comprising an inner
thread fixing the annular fastening element to the outer
screw thread of the vessel wall, the annular fastening
element further comprising an annular inner peripheral
cap portion defining a radiation opening, through which
the electromagnetic radiation falls on the window ele-
ment, the annular inner peripheral cap portion having a
radial extent engaging an annular periphery of the
window element, the inner peripheral cap portion coop-
erating with vessel wall to form a clamping element,
clamping the window element between the inner
peripheral cap portion of the fastening element and the
vessel wall, the annular fastening element detachably
connecting the window element with the vessel wall
such that the window element can be separated from
the vessel wall without destruction of the window
element; and

an axial adjusting element with an adjusting element end
surface, wherein:

the annular fastening element further comprises an outer
adjusting interface thread;

the axial adjusting element comprises an inner adjusting
interface thread;

the outer adjusting interface thread cooperates with the
inner adjusting interface thread to form a position
adjustment connection interface;

the axial adjusting element is connected to the annular
fastening element by the position adjustment connec-
tion interface to position the axial adjusting element
end surface, as a cuvette end surface, opposite another
cuvette end surface;

the adjusting element end surface and the other cuvette
end surface define an axial extent of the cuvette; and

rotation of the connected axial adjusting element relative
to the connected annular fastening element varies a
distance between the adjusting element end surface and
the window element and to adjust a position of the axial
adjusting element end surface and the other cuvette end
surface to vary the axial extent of the cuvette.

20. A gas-measuring device in accordance with claim 19,

wherein:

the end surface of the adjusting element is adjacent to the
window element and defines a radiation opening,
through which the electromagnetic radiation falls on
the window element.
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